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Pedepar:

1. Xoy WxuBeHb. TexHoOriuHe 3a6€3M1€4€HHS BUCOKOI CTiMIKOCTi iHCTPYMEHTY IPY MEXaHiuHill 06po6Li
nosliMmepHuX Komno3uTiB. KBamigikaliliHa HaykoBa IIpalsl Ha IIpaBax pykonucy. Jlucepratiisi Ha 3000yTTsI HAYKOBOTO
cTyneHs nokropa ¢inocodii (PhD) 3a cnenianbHicTio 131 - npukiagHa MexaHika. — HaljioHanbHUM TexHIYHNN
yHiBepcUTeT «XapKiBCbKUI MOJITEXHIYHUN IHCTUTYT», XapkKiB, 2024. [JucepTauiiiHa po60oTa IpuCBIYeHa
IOCJIiIKEeHHIO i BUPIIIeHHIO aKTyaJbHOI HAYyKOBO-TEXHI4YHOI 3a7ja4i 3a6e31e4eHHs] BUCOKOI CTIMKOCTi iIHCTPYMEHTY
IIPY Me€XaHi4yHill 06poo6Li nosiMepHUX KOMIO3UTiB. O6'€KT IOCIiI>)KEHHS — TEXHOJIOTIUHI IIPOLIeCU MeXaHiqyHOi

00pOOKHU MOIMEPHUX KOMIIO3ULIIMHMAX MATEPialiB i 3HOUIYBaHHS iHCTPYMEHTY B MAlIMHOOYAyBaHHi. [Ipenmer



IOOCJiIKEHHS — IapaMeTpy NPOLECiB TEXHOJIOTIYHOI 0OPOOKM MOJIIMEPHUX KOMIIO3ULITHMX MaTepiasiB, Xapakrep i
iHTEHCUBHICTb 3HOLIYBAHHS PDKYyYOro Kpaliky iHCTpyMeHTy. MeTolo AucepTaliiiHoi poboTU € MifBUIIeHHS
e(eKTUBHOCTI BUKOPUCTAHHS Pi3ajIbHOTO iHCTPYMEHTY [J151 OOpPOOKU NOJIiIMEPHUX KOMIIO3UTIB 32 PaXyHOK
PO3pOOKU, CTBOPEHHSI Ta peasidallii MeTOZiB IPOTHO3yBaHHSI CTiMKOCTI Ta NPaLe3JaTHOCT] pi3aIbHOrO iIHCTPYMEHTY.
Y BCTyNi OGI'PYHTOBAHO aKTyaJIbHICTh BUPIII€HHS TPO6JIEMU MiIBULIEHHS CTIKOCTi Pi’Ky40ro iHCTPyMEHTY IIpU
00po61Ii [101iMEPHUX KOMIIO3UTIB. Y IepIIoMy po3ziii copMyIbOBAaHO OCHOBHY HayKOBY IIPOGJIEMY, sIKa [10JISArae y
IiIBUIIEHHI CTIMKOCTi iIHCTPYMEHTY 3a PaXyHOK BUOOPY palliOHaJIbHMX TEXHOJIOTIYHMX TapaMeTpiB 06po6Ku. Y
IpPYroMy po3Zili pO3risiialoTbCsl 0COOIMBOCTI (POPMYBAaHHS CTPYKKU, MOJIE€JIIOBAHHS MiKporeomeTpii piky4oi
YaCTUHU iHCTPyMEHTA. Y TPETbOMY PO37iJi HaBeleHO (POPMYJIIOBAHHS 3aKOHY 3HOLIYBAHHS 17151 KOHTAKTY
IHCTPYMEHT-KOMIIO3UT. Y Y€TBEPTOMY PO37i/li HaBeJleHa FeOMETPUYHA MOJEJIb BUAJIEHHS Bark iIHCTPYMEHTY B
IIpOLIeCi 3HOIIYBAHHS i BKJIaZ, I0YaTKOBUX F€OMETPUYHUX IIapaMeTpPiB 3aTOUyBaHHS BEPIIMHU iHCTPYMEHTY B
iHTEHCUBHICTb 3HOIIYBaHHS. Y I'ITOMY PO37iJli TIOKa3aHa MPaKTUYHA peasisallisi MOJeII0BaHHS 3HOUIYBAHHS
iHCTpYMEHTY Ha OCHOBI BUJIaJIeHHsI Bary. Y BUCHOBKaX HaBeJleHi OCHOBHI pe3yJsbTaT HayKOBOi poOOTH 1010
BUpillI€HHs [I0CTaBJIEHUX HAYKOBUX 3371a4 JOCifKeHHs. OTpUMaHO TaKi HAyKOBi pe3yJIbTaTu: — BIIEPLIE
PO3PO6JIEHO i 3aITPOIIOHOBAHO TEOPETUYHY MOJIEJIb 3HOIIYBAaHHS iHCTPYMEHTY, 110 JO3BOJIS€ 3B'93aTU BTPATy Baru 3i
3MiHOI0 (pOpMU IHCTPYMEHTY i B eIy Yepry I10 3afHill 1oro oBepXHi; — BIeplle po3pobIeHO0 reOMEeTPUYHY
MOJeJib 3MiHU (POpMU iHCTPYMEHTY 3 YpaxyBaHHSM cleludiku npouecy MexaHiyHiil 06pooku [TKM; -
YIOCKOHAJIEHO MOZEJIb BIUIUBY PE>KAMIB 0OPOOJIEHHS, TapaMeTpPiB iHCTPYMEHTY i BJIaCTUBOCTEN MaTrepiaiy, o
06pO06JIsI€ThCS, HA IHTEHCUBHICTb 3HOLIEHHS IAPYBAaTUX KOMIIO3UTIB, 3 ypaxXyBaHHSIM HAlPSIMKY apMYBaHHS; —
OTpPUMAaJIa NTOJANBIIMI PO3BUTOK HACIIIAKOBO-CTapil0ya MOZEJb 3HOLIYBAHHS, CTOCOBHO OLiHKY iHTEHCHUBHOCTI
3HOCY I10 33JIHi/l TOBEPXHi iIHCTPYMEHTY IIPU 00pOOLIi KOMIIO3UTIiB; — OTPMMAHO NOJaJIbIINY PO3BUTOK BpaXyBaHHS
({ism4HOro (PaKTOPy TEPTSI B MATEMATUYHUX MOJEJISIX KOHTAKTHOI B3aeMogii inctpymenrty i [TKM. IIpaktuyne
3HQYEHHS: — Ha OCHOBI 3alIPOIIOHOBAHOTrO MiAXOly BU3HAYEHHS 3HOIIYBAHHS iIHCTPYMEHTY IO [IApAMETPY Baru
MO>KHA KOHTPOJIIOBATH NPaLle3laTHICTh Ta CTiMKICTh iIHCTPYMEHTY; — PO3p06JIeHa METOAMKA IepeoayeHHs
IIpaue3faTHOCTI iIHCTPYMEHTY 403BOJIsiE IPOBOJUTH KOPETYBAHHS TEXHOJIOTIYHUX IIapaMeTpiB 00poOKY; —
3aCTOCYBaHHS T€OMETPUYHOI MOJIeli 103BOJIsIE NTepeioavnTy nepios, epeKTUBHOTO 3aCTOCYBAHHS iIHCTPYMEHTY IIPU
3a/1aHiil gKocTi 06pobku. KitouoBi cyoBa: nosiMepHi KOMNO3ULiNHHI MaTepiany; HallpsIMOK apMyBaHHSI; Ipoliecu
MEeXaHi4HOi 00pOoOKY; JedeKTH Ta pyUHYBaHHS; MIKPOCTPYKTYPa; MOZ€JII0BAaHHS; IPOYKTUBHICTb Ta SIKiCThb
06pO6KY; TEXHOJIOTIYHI MapameTpyu 06POOKY; PESKUMU Pi3aHHSI; Pi3albHUAN iHCTPYMEHT; 3HOUIYBAHHS Ta CTiMKICTb
iHCTpYMEHTY; CHJIY Pi3aHHS; TeOMeTpUYHi mapameTpy; 3MiHa popmu BepuinHu iHCTpymeHTy 1. Khavin G., Hou
Zhiwen. Geometrical Model for Tool Wear Assessment in the Processing of Reinforced Composite. International
Conference on Reliable Systems Engineering (ICoRSE). 2022. P. 139-145. (Scopus, PymyHis,WoS). 2. Khavin G., Hou
Zhiwen. Predictions of Tool Wear by Estimating Weight Loss During Polymer Composites Processing. Design
Construction Maintained - 2023, N3, P.293-300. (WSEAS) (Scopus, 'epmanis,WoS). 3. Xasiu I'. JI., Xoy UKrBeHb.
EdexTuBHICTb CBEpJIiHHS KOMIIO3ULIMHUX [10JIiIMEPHUX MaTepiajiB cBEpAJIaMU, BiMiHHMMHU 10 KOHCTPYKLi Bif
criipaspHOTO. IHTErpOoBaHi TexHosorii Ta eHeproszoepeskeHHs. 2018. N2.3. C. 47-53. (B) 4. Xagin I'. JI., Xoy WKuUBEHB.
MogenioBaHHS MIKPOT€OMETPIil iIHCTPYMEHTY B IPOLIECi 3HOLIYBAHHS NIPY Pi3aHHi KOMIO3ULIHUX MaTepialiB.
PizaHHs Ta iHCTpyMeHTHU B TexXHOJOryHUX cuctemax. 2020. T. 92. P. 208-224. (B) 5. Xagin I'. JI., Xoy WxuBeHs. Brinus
KyTy Opi€HTallii apMyl04MX €JIEMEHTIB Ha IHTEHCUBHICTb 3HOIIYBaHHS iHCTPYMEHTY IIPY 06PO61 MOJIIMEPHUX
KOMNo3uTiB. BicHuk HaulionasbHOro TexHiuHOro yHiBepcutety «XIII». Cepist: TexHosorii B MalImHOOYAyBaHHi. 2022.
Ne 1. C. 59-65. (b) 6. Xagin I'. JI., Xoy Wxusens. Determination of the coefficient sliding friction value in the contact
the cutting tool-composite. InTerposaHi rexHosorii Ta eneproszoepexeHHs. 2022. N2.1. C.71-80. (B)

2. Hou Zhiwen. Technological ensuring of high tool stability during mechanical processing of polymer composites.
Qualification scientific work in the form of a manuscript. Dissertation for the degree of Doctor of Philosophy (PhD)
in specialty 131 - Applied Mechanics. - National Technical University “Kharkiv Polytechnic Institute”, Kharkiv, 2025.
The dissertation is devoted to the study and solution of the current scientific and technical problem of ensuring
high tool stability during mechanical processing of polymer composites. The object of the study is technological
processes of polymer composite materials mechanical processing and tool wear in mechanical engineering. The



subject of the study is the parameters of technological processing of the process’s polymer composite materials,
the nature and intensity of the cutting edge tool wear. The purpose of the dissertation is to increase the efficiency
of using cutting tools for processing polymer composites by developing, creating and implementing methods for
predicting the stability and performance of the cutting tool. The introduction substantiates the relevance of
solving the problem of cutting tool increasing the stability when processing polymer composites. The first section
formulates the main scientific problem, which is to increase the stability of the tool by choosing rational
technological processing parameters. The second section considers the features of chip formation, modelling the
microgeometry of the tool cutting part. The third section provides a formulation of the wear law for the tool-
composite contact. The fourth section presents a geometric model of tool weight removal during the wear process
and the contribution of the initial geometric parameters of tool tip sharpening to the wear intensity. The fifth
section shows the practical implementation of tool wear modelling based on weight removal. The conclusions
present the main results of scientific work on solving the scientific research problems. The following scientific
results were obtained: - for the first time, a theoretical model of tool wear was developed and proposed, which
allows to link weight loss with a change in the shape of the tool, primarily on its rear surface; - for the first time, a
geometric model of tool shape change was developed, taking into account the specifics of the PCM mechanical
processing process; — the model of the processing modes influence, tool parameters and properties of the
processed material on the wear intensity of layered composites was improved, taking into account the
reinforcement direction; - the consequent-aging wear model was further developed, regarding the assessment of
the wear intensity on the tool rear surface when processing composites; — further development of the physical
friction factor consideration in mathematical models of contact interaction between the tool and PCM was
obtained. Practical significance: - based on the proposed approach to determining tool wear by the weight
parameter, it is possible to control the operability and stability of the tool; - the developed method for predicting
the tool’s performance allows for the adjustment of the processing technological parameters; - the use of a
geometric model allows for the prediction of the effective tool use period at a given processing quality. Keywords:
polymer composite materials; reinforcement direction; machining processes; defects and fractures;
microstructure; modelling; processing performance and quality; processing technological parameters; cutting
modes; cutting tool; tool wear and durability; cutting forces; geometric parameters; change in the shape of the tool
tip 1. Khavin G., Hou Zhiwen. Geometrical Model for Tool Wear Assessment in the Processing of Reinforced
Composite. International Conference on Reliable Systems Engineering (ICoRSE). 2022. P. 139-145. (Scopus,
Romania,WoS). 2. Khavin G., Hou Zhiwen. Predictions of Tool Wear by Estimating Weight Loss During Polymer
Composites Processing. Design Construction Maintained - 2023, N3, P.293-300. (WSEAS) (Scopus, Germany,WoS).
3. Khavin G. L., Hou Zhiwen. Efficiency of drilling composite polymer materials with drills different in design from
spiral. Integrated technologies and energy saving. 2018. No.3. P. 47-53. (B) 4. Khavin G. L., Hou Zhiwen. Modelling of
tool microgeometry in the process of wear when cutting composite materials. Cutting and tools in technological
systems. 2020. T. 92. P. 208-224. (B) 5. Khavin G. L., Hou Zhiwen. Influence of the orientation angle of reinforcing
elements on the intensity of tool wear when processing polymer composites. Bulletin of the National Technical
University "KhPI". Series: Technologies in Mechanical Engineering. 2022. No. 1. P. 59-65. (B) 6. Khavin G. L., Hou
Zhiwen. Determination of the coefficient sliding friction value in the contact the cutting tool-composite.
Integrated Technologies and Energy Saving. 2022. No. 1. P. 71-80. (B)
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roJIOBYIOYOrO Ha 3aciJaHHi



BiznoeBigansHHUI 3a MiATOTOBKY Xasin ['enHaniji1 JIbBoBUY

00JIIKOBHX JOKYMEHTIB

PeecTtpartop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaJIbHUM 32 PEECTpalLilo HayKOBOI IOpuenko TeTsHa AHaTosiiBHA

OisIIBHOCTI




